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INFORMATION PROCESSING APPARATUS,
INFORMATION PROCESSING METHOD,
AND RECORDING MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2012-
082565 filed on Mar. 30, 2012, the entire contents of which
are incorporated herein by reference.

FIELD

The embodiments are related to an information processing
apparatus, an information processing method, and a record-
ing medium.

BACKGROUND

A computer system includes a bus as a data transmission
path through which devices are connected each other in the
computer system. As an example of a bus, a peripheral com-
ponent interconnect (PCI) bus is known. A device driver that
controls a PCI device is associated with the PCI device con-
nected to the PCI bus. In an operating system of the computer
system, one type of given device driver is used in order to
control the PCI device that is connected to the PCI bus.
Generally, one type of device driver is registered to a corre-
sponding type of PCI device to control the PCI device in the
operating system of the computer system.

In the computer system, a vender ID and device ID, which
are given to a PCI device, are generally used to identify a PCI
device to which a device driver corresponds. Thus, one type of
device driver is registered to a PCI device that is identified by
the certain combination of a vender ID and device ID. An
example of a case is described below in which a device driver
is registered.

A PCI device includes a unique vender ID and device ID
for each type of PCI device. An example is described using a
PCI card that includes a unique vender ID and device ID as a
PCI device. Registration of a device driver in the computer
system is conducted by registering a vender ID and device ID
of a PCI card to be controlled, which are associated with the
device driver, to an operating system, or a kernel. In the
kernel, a table that associates a vender 1D and device ID with
a device driver is established beforehand. The kernel calls a
device driver that corresponds to a vender ID and device ID
with reference to the table established beforehand when a PCI
card is detected.

For devices including the same vender ID and device ID, a
plurality of types of device drivers may be registered to the
kernel. However, when the plurality of types of device drivers
are registered to the kernel, the devices may be associated
with each of the device drivers, so that a malfunction may
occur.

As a technique by which a single device can serve as a
plurality of devices, a technique is known by which a PCI card
having a single function is operated as a multifunction PCI
card. In this technique, hardware functions are operated inde-
pendently by providing a multifunctional driver between the
device drivers and the PCI card.

SUMMARY

According to an aspect of the invention, an information
processing apparatus includes a memory configured to store
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information that indicates a correspondence relationship
between location information indicating a connection posi-
tion of a device to a bus and driver information indicating a
device driver corresponding to the device; and a processor
coupled to the memory and configured to associate a device
that is connected to the connection position with a device
driver indicated by the driver information stored in the
memory.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustrating a schematic configu-
ration of an information processing apparatus according to an
embodiment;

FIG. 2 is a schematic block diagram of a computer system
that functions as the information processing apparatus;

FIG. 3 is a flowchart indicating a flow of device driver
initialization processing;

FIG. 4 is a flowchart indicating a flow of device detection
processing;

FIG. 5 is a flowchart indicating a flow of virtual file writing
processing;

FIG. 6 is a flowchart indicating the detailed flow of the
device driver initialization processing;

FIG. 7 is an illustrative diagram of a course of the device
driver initialization processing;

FIG. 8 is a flowchart indicating the detailed flow of the
device detection processing;

FIG. 9 is an illustrative diagram of a course of the device
detection processing;

FIG. 10 is a schematic diagram of a driver management
book and a device management book;

FIG. 11 is a flowchart indicating the detailed flow of the
virtual file writing processing;

FIG. 12 is a schematic diagram illustrating a special driver
management book having a link list structure;

FIG. 13 is a sequential flow indicating a flow of processing
in the information processing apparatus; and

FIG. 14 is a block diagram illustrating a schematic con-
figuration of an information processing apparatus according
to a modification.

DESCRIPTION OF EMBODIMENTS

In related art, a PCI card having a single function may be
independently operated as a multifunction PCI card, however,
it is difficult to operate a plurality of PCI cards independently.
For example, device drivers are difficult to be respectively
registered to a plurality of PCI devices that includes the iden-
tical combination of a vender ID and device ID.

According to the embodiments, a specified device driver is
registered to at least one of a plurality of devices having an
identical type.

Examples of the embodiments are described below in
detail with reference to accompanying drawings.

First Embodiment

In FIG. 1, an information processing apparatus 10 accord-
ing to an embodiment is illustrated. The information process-
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ing apparatus 10 is a computer system, etc., and includes a
user layer 12, a kernel layer 14, and a physical layer 16 as a
conceptual configuration using a hardware resource and a
software resource. The user layer 12 is an operating portion in
the information processing apparatus 10 when a user operates
the information processing apparatus 10. The kernel layer 14
is akernel portion by the operating system. The physical layer
16 is an example of a portion that indicates a physical device
such as a PCI device.

In the user layer 12, a specified device driver is associated
with a device that is specified by the user, and identification
information 20 used to uniquely identify a device is stored in
an input area 18. The identification information 20 having
been stored in the input area 18 is stored in a storage unit 32
of'the kernel layer 14 as identification information 34 before-
hand. Thus, in the storage unit 32 of the kernel layer 14, the
identification information 34 used to uniquely identify a
device, which is connected to a bus and uses a device driver
specified beforehand, is stored. The kernel layer 14 includes
a device driver 22 (indicated as “driver_A” in FIG. 1), a
device driver 24 (indicated as “driver_B” in FIG. 1), and a
driver layer 25. The driver layer 25 includes a control unit 26
and the storage unit 32. The control unit 26 includes a sup-
pression unit 28 and a registration unit 30. The physical layer
16 includes five devices such as PCI devices 36-1 to 36-5.

The information processing apparatus 10 is an example of
an information processing apparatus according to the
embodiment.

When the user associates a specified device driver with a
specified device, the user operates the information processing
apparatus 10. By the operation by the user, in the user layer 12
of the information processing apparatus 10, the identification
information 20 used to uniquely identify a device that uses a
device driver specified by the user is stored in the input area
18. The identification information 20 having been stored in
the input area 18 is stored in the storage unit 32 of the kernel
layer 14 as the identification information 34. To simplify the
following description, an example is described in which five
PCI devices are included in the physical layer 16. The user
associates information that indicates an installation position
of'a PCI device with the name of a device driver and registers
the associated information and name, as the identification
information 20. The information indicating the installation
position of the PCI device includes PCI address information
of the PCI device. The PCI address information includes
information that associates a bus number, a device number,
and a function number as an example, and a device on a PCI
bus may be identified by the PCI address information.

In addition, the identification information 20 having been
stored in the input area 18 is stored in the storage unit 32 of the
kernel layer 14, as the identification information 34. In the
kernel layer 14, when each of the PCI devices 36-1 to 36-5 of
the physical layer 16 is associated with the device driver 22
(driver_A) or the device driver 24 (driver_B), the control unit
26 associates a PCI device with a device driver. The PCI
devices 36-1 to 36-5 of the physical layer 16 are PCI devices
having an identical type, and a regular device driver that is
associated with a device ID and a vender ID is the device
driver 22 (driver_A). In addition, in the first embodiment, in
each of the PCl devices 36-4 and 36-5 of the PCI devices 36-1
to 36-5, the identification information 34 that is associated
with the device driver 24 (driver_B) is stored in the storage
unit 32 of the kernel layer 14.

The control unit 26 determines whether or not the PCI
device 36-1 corresponds to information (PCI address infor-
mation) indicating an installation position of the PCI device,
with reference to the identification information 34 of the
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storage unit 32 in the suppression unit 28, in order to associate
the PCI device 36-1 with a device driver. The PCI device 36-1
does not correspond to the information (PCI address infor-
mation) indicating the installation position of the PCI device
based on the identification information 34 of the storage unit
32, and the device driver 22 (driver_A) that is normally asso-
ciated with the PCI device 36-1 is registered to the PCI device.
Similarly, the device driver 22 (driver_A) that is normally
associated with the PCI devices 36-2 and 36-3 is registered to
the PCI devices 36-2 and 36-3.

On the other hand, when the control unit 26 associates the
PCI device 36-4 with a device driver, the installation position
of'the PCI device 36-4 corresponds to the installation position
of a PCI device based on the identification information 34 of
the storage unit 32. The suppression unit 28 suppresses the
association of the PCI device 36-4 with the device driver 22
(driver_A) that is normally associated with the PCI device
36-4. After that, the control unit 26 determines whether or not
the PCI device 36-4 corresponds to PCI address information,
with reference to the identification information 34 of the
storage unit 32 in the registration unit 30. The PCI device 36-4
corresponds to the PCI address information based on the
identification information 34 of the storage unit 32, and the
registration unit 30 registers the PCI device 36-4 that is asso-
ciated with a device driver based on the name (driver name) of
a device driver of the identification information 34. That is,
the registration unit 30 registers the PCI device 36-4 that is
associated with the device driver 24 (driver_B). Similarly,
when the registration unit 30 associates the PCI device 36-5
with a device driver, registration is performed on the PCI
device 36-5 associated with the device driver 24 (driver_B).

As described above, a desired device driver is registered to
a desired device by the user.

The information processing apparatus 10 may be realized,
for example, by a computer system 38 illustrated in FIG. 2.
The computer system 38 includes a CPU 40, a display 41, a
keyboard 42, a mouse 43, a memory bridge 44, and an input
output port bridge (I/O bridge) 46, and these are connected to
each other through a bus 48. A memory 50 is connected to the
memory bridge 44. A plurality of PCI cards are connected to
the I/O bridge 46 through a PCI bus 68. An example is
described below in which five PCI cards 84 to 88 as PCI
devices are connected to each other.

Inaddition, a nonvolatile storage unit 70 is connected to the
1/O bridge 46 through the PCI bus 68. The storage unit 70 may
be realized by a hard disk drive (HDD), a flash memory, etc.
A kernel program 72 to be used to cause the computer system
38 to function as the information processing apparatus 10 is
stored in the storage unit 70 as a recording medium. In addi-
tion, a setting file 80 that includes a special driver manage-
ment file 82 is stored in the storage unit 70. The special driver
management file 82 corresponds to the identification infor-
mation 34 (also see FIG. 1) for uniquely identifying a device
that uses a device driver specified by the user. The CPU 40
reads the kernel program 72 from the storage unit 70, loads
the read kernel program 72 into the memory 50, and sequen-
tially executes processes included in the kernel program 72.
That is, the kernel program 72 of the storage unit 70 is loaded
into the memory 50 as an executable kernel program 52, and
the CPU 40 sequentially executes processes included in the
loaded kernel program 52.

The kernel program 72 stored in the storage unit 70
includes a driver initialization process 74, a device detection
process 76, and a virtual file (sysfs) writing process 78. The
CPU 40 operates as the control unit 26 illustrated in FIG. 1 by
executing the driver initialization process 74, the device
detection process 76, and the virtual file (sysfs) writing pro-
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cess 78. That is, the information processing apparatus 10 is
realized by the computer system 38, and the computer system
38 operates as the control unit 26 (FIG. 1) by executing the
driver initialization process 74, the device detection process
76, and the virtual file writing process 78.

The driver initialization process 74, the device detection
process 76, and the virtual file writing process 78, which are
included in the kernel program 72, are loaded into the
memory 50. A driver initialization process 54, a device detec-
tion process 56, and a virtual file writing process 58 are
generated in the memory 50 by the loading of the kernel
program 72 to the memory 50. In addition, as described in
detailed later, some areas of the memory 50 are used for
storing information that is obtained by the processing of the
kernel program 72 (loaded kernel program 52). When the
CPU 40 executes the driver initialization process 54, the
device detection process 56, and the virtual file writing pro-
cess 58, which are loaded into the memory 50, a kernel
management book 60 is generated. The kernel management
book 60 includes a driver management book 62, a device
management book 64, and a special driver management book
66.

The kernel program 72 and the loaded kernel program 52
are examples of an information processing program accord-
ing to the embodiment. That is, the kernel program 72 (loaded
kernel program 52) is an example of an information process-
ing program that is used to cause the computer system 38 to
function as the information processing apparatus 10.

In addition, the PCI cards 84 to 88 according to the first
embodiment correspond to the PCI devices 36-1 to 36-5 of
FIG. 1. In addition, a storage area of the setting file 80 that is
included in the storage unit 70 of the computer system 38
corresponds to the storage unit 32 of FIG. 1. In addition, the
kernel management book 60 of the memory 50, which is
described later, may correspond to the identification informa-
tion 34 that is referred to when the control unit 26 of FIG. 1 is
executed.

In the first embodiment, an example is described in which
the five PCI cards 84 to 88 are regarded as a PCI device,
however, the number of PCI cards is not limited to five, and
may be two or more.

An operation according to the first embodiment is
described below.

First, for a plurality of PCI cards each of which includes
identification information including an identical vender ID
and device ID, registration of a special device driver to a
certain installation position may be requested. As an example,
when protocols are layered in a host bus adapter (HBA) of a
fiber channel, it is probable that registrations of different
device drivers are requested for respective functions on which
mapping on an upper layer is performed. In addition, as
another example, it is probable that registration of another
device driver is requested on a trial basis in order to avoid and
suppress function reduction (level down) due to upgrade of a
device driver. That is, it is probable that an upgraded device
driver is applied for a certain PCI card, and verification of the
upgraded device driver is requested.

Therefore, in the first embodiment, an installation position
and driver name of'a PCI card are given as information, and a
target device driver is registered to a target PCI card. For
example, an installation position of a PCI card is specified for
akernel, and a device driver to be registered to the PCI card of
the specified installation position is specified for the kernel. In
addition, for the PCI card of the specified installation posi-
tion, registration of a device driver that is normally registered
is suppressed. On the other hand, different device drivers may
be registered to respective installation positions by register-
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ing the specified device driver to the PCI card of the specified
installation position even when the PCI cards has an identical
type.

Next, an operation of the information processing apparatus
10 that is realized by the computer system 38 is described in
detail with reference to FIGS. 3 to 13. The processing in the
computer system 38 according to the first embodiment is
initialization processing of a device driver for a PCI card
connected to the PCI bus 68 and detection processing of the
PCI card, from among programs included in the operating
system.

First, the CPU 40 of the computer system 38 executes
processes included in the kernel program 72 that is stored in
the storage unit 70. Specifically, the CPU 40 of the computer
system 38 loads the processes, which are included in the
kernel program 72 of the storage unit 70, into the memory 50
and then executes the processes. More specifically, the CPU
40 executes the driver initialization process 54, the device
detection process 56, and the virtual file writing process 58
that have been loaded into the memory 50. As a result, each of
the processing routines illustrated in FIGS. 3 to 5 may be
executed.

FIG. 3 is a flowchart indicating a flow of driver initializa-
tion processing that corresponds to the driver installation
process. The information processing apparatus 10 is realized
by the computer system 38, and the computer system 38
operates as a part of the control unit 26 (FIG. 1) when the CPU
40 executes the driver initialization process 54 that is loaded
into the memory 50. In addition, FIG. 4 is a flowchart indi-
cating a flow of device detection processing that corresponds
to the device detection process. The information processing
apparatus 10 is realized by the computer system 38, and the
computer system 38 operates as a part of the control unit 26
(FIG. 1) when the CPU 40 executes the device detection
process 56 that is loaded into the memory 50. In addition,
FIG. 5 is a flowchart indicating a flow of virtual file writing
processing that corresponds to the virtual file writing process.
The information processing apparatus 10 is realized by the
computer system 38, and the computer system 38 operates as
a part of the control unit 26 (FIG. 1) when the CPU 40
executes the virtual file writing process 58 that is loaded into
the memory 50.

As illustrated in FIG. 3, in the driver initialization process,
in Step 100, registration processing of a device driver to the
PCI bus 68 is executed. In addition, as illustrated in FIG. 4, in
the device detection processing, in Step 200, registration pro-
cessing of a PCI card to the PCI bus 68 is executed. In
addition, in the first embodiment, in the driver initialization
process and the device detection process, the virtual file writ-
ing processing is also executed in order to register a device
driver that is specified by the user to a PCI card specified by
the user. That is, as illustrated in FIG. 5, in Step 300, the
virtual file writing processing that corresponds to the virtual
file writing process is executed. The virtual file writing pro-
cessing according to the first embodiment is one of programs
that are included and executed in the operating system.

Each of the driver initialization processing (FIG. 3), the
device detection processing (FIG. 4), and the virtual file writ-
ing processing (FIG. 5) is included and executed in the oper-
ating system. In addition, execution order of the pieces of
processing is determined when power is supplied to the com-
puter system 38 or when a device such a hot plug is physically
added and deleted to and from the computer system 38. That
is, any of the driver initialization processing (FIG. 3), the
device detection processing (FIG. 4), and the virtual file writ-
ing processing (FI1G. 5) may be executed first. In addition, the
execution order of the pieces of processing is controlled so
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that a device driver and a PCI card are operable after regis-
tration of association of the device driver and the PCI card is
performed.

In the driver initialization processing (FIG. 3), registration
of a first or driver management book 62 is performed, and in
the device detection processing (FIG. 4), registration of the
device detection process 56 is performed.

As described later, each of the driver management book 62
and a device management book 64 is a data group in which a
unique management book is connected to one element (de-
vice driver and device) and that has a link list structure for
each type of bus (also see FIG. 10). As the type of bus, a PCI
bus, a USB bus, and the other buses are known, and in the first
embodiment, the PCI bus 68 is described as an example. The
link list structure is a set of nodes that are connected to each
other through a pointer, and data and a pointer that indicates
a next link (the position of a next node) are stored in each of
the nodes.

Next, the driver initialization processing (FIG. 3) is
described in detail. In Step 100 of FIG. 3, the processing
routine that is illustrated in FIG. 6 is executed.

First, in Step 102, the registration processing of the driver
management book 62 is executed. The registration processing
of the driver management book 62 is executed for each node
of'the driver management book 62 of the data group having a
link list structure for each type of bus (also see FIG. 10). In the
first embodiment, for the PCI bus 68, the registration process-
ing is executed for each of the nodes of the driver manage-
ment book 62 of the data group having a link list structure. In
following Step 104, the number of nodes of the device man-
agement book 64 for each type of bus is obtained. In the first
embodiment, for the PCI bus 68, the number of nodes “K” of
the device management book 64 is obtained. In following
Step 106, a variable “n” is initialized (n=1 is set), and the flow
proceeds to Step 108. In Step 108, it is determined whether or
not a vender ID and device ID of a node of the driver man-
agement book 62 that is registered in Step 102 is in accor-
dance with a vender ID and device ID of the device manage-
ment book 64 that is an n-th node. When “No” is determined
in Step 108, the variable “n” varies and “No” is repeatedly
determined until the vender IDs and the device IDs are in
accordance with each other. That is, when “No” is determined
in Step 108, the “No” is repeatedly determined until the
variable “n” becomes the number of nodes of the device
management book 64 (until n=K is satisfied). When “No” is
determined in Step 118, the variable “n” is incremented
(n=n+1) in Step 120, and the flow returns to Step 108. On the
other hand, when “Yes” is determined in Step 118, that is, the
variable “n” becomes the number of nodes of the device
management book 64, the routine ends.

When “Yes” is determined in Step 108, the flow proceeds
to Step 110, and it is determined whether or not a correspond-
ing PCI address exists in a second or special driver manage-
ment book 66 that is described later. When “No” is deter-
mined in Step 110, the flow proceeds to Step 112, and it is
determined whether or not a corresponding device driver
exists in the special driver management book 66. When “Yes”
is determined in Step 112, the flow proceeds to Step 118. On
the other hand, when “No” is determined in Step 112, the
driver is registered to the device in Step 114, and the flow
proceeds to Step 118.

In addition, when “Yes™ is determined in Step 110, the flow
proceeds to Step 116, and it is determined whether or not the
driver name of the driver management book 62 is in accor-
dance with the driver name of the special driver management
book 66. When “No” is determined in Step 116, the flow
proceeds to Step 118. On the other hand, when “Yes” is
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determined in Step 116, the driver is registered to the device
in Step 114, and the flow proceeds to Step 118.

FIG. 7 illustrates a determination result in the course of the
processing and the presence or absence of registration of a
device driver, for the PCI cards 84 to 88 that are included in
the computer system 38, in the processing of FIG. 6, as a the
list 130.

In the driver initialization processing that is illustrated in
FIG. 6, the processing in which the flow proceeds to Step 118
without performing registration of a device driver by deter-
mining “No” in Step 108, determining “Yes” in Step 112, and
determining “No” in Step 116 corresponds to a function ofthe
suppression unit 28 of FIG. 1. In addition, by determining
“No” in Step 112 and determining “Yes” in Step 116, the
processing to perform registration of a device driver in Step
114 corresponds to a function of the registration unit 30 of
FIG. 1.

Next, the device detection processing (FI1G. 4) is described
in detail. In Step 200 of FIG. 4, the processing routine that is
illustrated in FIG. 8 is executed.

First, in Step 202, the registration processing of the device
management book 64 is executed. The registration processing
of'the device management book 64 is executed for each node
of the device management book 64 of a data group having a
link list structure for each type of bus (also see FIG. 10). Inthe
first embodiment, the registration processing executed for
each of the nodes of the device management book 64 of the
data group having a link list structure of the PCI bus 68. In
following Step 204, the number of driver management books
62 for each type of bus, that is, the number of nodes “L.” is
obtained. In the first embodiment, the number of nodes “L” of
the driver management book 62 of the PCI bus 68 is obtained.
In following Step 206, a variable “n” is initialized (n=1 is set),
and the flow proceeds to Step 208. In Step 208, it is deter-
mined whether or not a vender ID and device ID of a node of
the device management book 64 that is registered in Step 202
is in accordance with a vender ID and device ID of the driver
management book 62 that is an n-th node. When “No” is
determined in Step 208, the variable “n” varies and “No” is
repeatedly determined until the vender IDs and the device IDs
are in accordance with each other. That is, when “No” is
determined in Step 208, the “No” is repeatedly determined
until the variable “n” becomes the number of nodes of the
device management book 62 (until n=L is satisfied). When
“No” is determined in Step 218, the variable “n” is incre-
mented (n=n+1) in Step 220, and the flow returns to Step 208.
On the other hand, when “Yes” is determined in Step 218, that
is, the variable “n” becomes the number of nodes ofthe device
management book 62, the routine ends.

When “Yes” is determined in Step 208, the flow proceeds
to Step 210, it is determined whether or not a corresponding
PCI address exists in the special driver management book 66
that is described later. When “No” is determined in Step 210,
the flow proceeds to Step 212, and it is determined that a
corresponding device driver exists in the special driver man-
agement book 66. When “Yes” is determined in Step 212, the
flow proceeds to Step 218. On the other hand, when “No” is
determined in Step 212, the driver is registered to the device
in Step 214, and the flow proceeds to Step 218.

In addition, when “Yes” is determined in Step 210, the flow
proceeds to Step 216, and it is determined whether or not the
driver name of the driver management book 62 is in accor-
dance with the driver name of the special driver management
book 66. When “No” is determined in Step 216, the flow
proceeds to Step 218. On the other hand, when “Yes” is
determined in Step 216, the driver is registered to the device
in Step 214, and the flow proceeds to Step 218.
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FIG. 9 illustrates a determination result in the course of the
processing and the presence or absence of registration of a
device driver, for the PCI cards 84 to 88 that are included in
the computer system 38, in the processing of FIG. 8, as a list
230.

In the processing that is illustrated in FIG. 8, the processing
in which the flow proceeds to Step 218 without performing
registration of a device driver by determining “No” in Step
208, determining “Yes” in Step 212, and determining “No” in
Step 216 corresponds to a function of the suppression unit 28
of FIG. 1. In addition, by determining “No” in Step 212 and
determining in “Yes” in Step 216, the processing to perform
registration of a device driver in Step 214 corresponds to a
function of the registration unit 30 of FIG. 1.

FIG. 10 is a schematic diagram of the driver management
book 62 and the device management book 64. In FIG. 10,
illustration of a pointer indicating a next link that is included
in each node is omitted. In the driver management book 62,
connection of nodes is performed in turn from the driver
management book 62-1 that is a node of start edge through
driver management books 62-2, 62-3, 62-4, . . ., 62-L (“L”
indicates the number of nodes). In the first embodiment, the
driver management book 62 of each of the nodes includes a
device ID, a vender 1D, and a driver name that indicates the
name of a device driver, as data.

In addition, in the device management book 64, connection
of nodes is performed in turn from the device management
book 64-1 that is a node of end edge through device manage-
ment books 64-2, 64-3, 64-4, 64-5, . . . | 64-K (“K” indicates
the number of nodes). In the first embodiment, the device
management book 64 of each of the nodes includes a device
1D, a vender ID, a pointer indicating association with a driver,
and information indicating a PCI address, as data. The
pointer, which indicates association with a driver, is data that
indicate association of a device with a device driver that
controls the device. As an example of a pointer that indicates
association with a driver, there is data that indicates a position
of'a node of the driver management book 62 (the association
is illustrated by two-dot chain line in FIG. 10).

Next, the virtual file writing process (F1G. 5) is described in
detail. In Step 300 of FIG. 5, the processing routine that is
illustrated in FIG. 11 is executed.

In Step 302 of FIG. 11, generation processing of a virtual
file by the operating system is executed. The generation pro-
cessing of a virtual file is processing to generate a virtual
special driver management file from the special driver man-
agement file 82 that is stored as the setting file 80 of the
storage unit 70 by the user. In Step 302, the special driver
management file 82 is read, and the number of pieces of data
“M” of the identification information 34 that includes an
installation position and driver name of a PCI device that are
stored as the special driver management file 82 is obtained
(also see FIG. 12). The “M” is the number of lines of the
special driver management file 82. In following Step 304, a
variable “n”is initialized (n=1 is set), and the flow proceeds to
Step 306. In Step 306, registration of the special driver man-
agement book 66 that is an n-th node is performed. The
special driver management book 66 that is the n-th node
corresponds to the identification information 34 including a
position and driver name of a PCI device. In Step 308, the
“No” is repeatedly determined until the variable “n” becomes
the number of nodes of the special driver management book
66 (until n=M is satisfied). When “No” is determined in Step
308, the variable “n” is incremented (n=n+1) in Step 310, and
the flow returns to Step 306. On the other hand, when “Yes”
is determined in Step 308, the routine ends.
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FIG. 12 is a schematic diagram illustrating the special
driver management book 66 having a link list structure. In
FIG. 12, illustration of a pointer that indicates a next link and
is included in each node is omitted. In the special driver
management book 66, connection of nodes is performed in
turn from the special driver management book 66-1 that is a
node of start edge through special driver management books
66-2,66-3,66-4, ..., 66-M (“M” indicates a natural number).
In the first embodiment, the special driver management book
66 of each of the nodes includes a PCI address and a driver
name that indicates the name of a device driver, as data. In the
first embodiment, the PCI address may identify a device on
the PCI bus 68 as a format of “bus number: device number.
function number”.

In addition, the special driver management book 66 is
associated with data of a virtual file system. That is, as a
normally substantial file system, a virtual file system is gen-
erated from the registered special driver management file 82,
for example, by execution of a shell script by the operating
system. Next, an example of the shell script by the operating
system when the special driver management file 82 is regis-
tered as a file FILE_B is described. When the operating sys-
tem is LINUX (registered trademark), a sysfsfile system may
be used as a virtual file system. An autorun script at the time
of turning-on of power supply is “/etc/rc.d/rc/local”. Decla-
ration of a target script is “#!/bin/sh”. A contents of script is
“cat FILE_B>/sys/kernel/FILE_A".

Thatis, the CPU 40 loads the virtual file the writing process
78 into the memory 50. The CPU 40 generates a virtual
special driver management file 83 in the virtual file system
(sysfsfile system) by executing a script by the loaded virtual
file writing process 58. The special driver management book
66 may be generated by data such as a PCI address and a
driver name that are included in the special driver manage-
ment file 83 (correspondence relationship is illustrated by a
two-dot chain line in FIG. 12).

Next, a specific operation of the information processing
apparatus 10 that is realized by the computer system 38 is
described in detail with reference to FIG. 13. FIG. 13 is a
sequential flow indicating a flow of processing when the
information processing apparatus 10 is realized by the com-
puter system 38.

First, an installation position and driver name of a PCI card
are input as information by operating the computer system 38
by the user in order to register a target device driver to a target
PCI device (Step SF01 of FIG. 13). The computer system 38
stores the information that indicates the installation position
and driver name of the input PCI card in the storage unit 70 as
information of the special driver management file 82 (Step
SF02). By the processing to store the information of the
special driver management file 82 in the storage unit 70,
recording of data of a setting file (information of the special
driver management file 82) that is used to register a special
device driver to a certain installation position requested by the
user is performed (Step SF03).

Next, in order to reflect the setting, turning-on of power
supply to the computer system 38 is instructed by operating
the computer system 38 by the user (Step SF04). The com-
puter system 38 accepts the turning-off instruction and
executes the instruction (shutdown) to terminate the opera-
tion of the computer system 38 (Step SF05). After the turning-
off of power supply to the computer system 38, power supply
to the computer system 38 is instructed to supply power to the
computer system 38 (Step SF06). The computer system 38
accepts the power supply instruction, and power supply to the
computer system 38 is executed (Step SF07). After that, in the
computer system 38, hardware diagnosis processing is
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executed (Step SF08), and the operating system is started
(OS_boot: processing to start the operating system (Step
SF09) is executed).

After that, the computer system 38 executes the device
detection processing in order to register a PCI card to a PIC
bus (Step SF10). In the device detection processing, the CPU
40 loads the device detection process 76 into the memory 50
and executes the device detection process 56. At the time of
execution of the device detection process 56, the device man-
agement book 64 is created (Step SF11). In Step SF11, the
special driver management book 66 that is described later is
not created, and registration of a device driver by the regular
device management book 64 is performed.

After that, the computer system 38 executes the virtual file
writing processing (Step SF12). The virtual file writing pro-
cessing is processing to cause the CPU 40 to execute the
virtual file the writing process 78 by the operating system.
That is, in the virtual file writing processing, the CPU 40 loads
the virtual file the writing process 78 into the memory 50 and
executes the virtual file writing process 58. When the CPU 40
executes the virtual file writing process 58, the special driver
management book 66 is created (Step SF13).

Next, the computer system 38 executes the driver initial-
ization processing (Step SF14). The driver initialization pro-
cessing is processing to cause the CPU 40 to execute the
driver initialization process 74 by the operating system. That
is, in the driver initialization processing, the CPU 40 loads the
driver initialization process 74 into the memory 50 and
executes the loaded driver initialization process 54. When the
driver initialization process 54 is executed, the driver man-
agement book 62 is created (Step SF17). In the driver initial-
ization processing, with reference to the special driver man-
agement book 66, regular registration of a device driver is
suppressed for a device that is registered to the special driver
management book 66 (Steps SF15 and SF18). In addition, in
the driver initialization processing, a device driver that has
been registered to the special driver management book 66 is
registered to a PCI card registered to the special driver man-
agement book 66 (Steps SF16 and SF19).

By the above-described process, a desired device driver is
registered to a desired PCI card by the user.

As described above, in the first embodiment, a PCI device
may be associated with a device driver that is specified by the
user using the special driver management file 82 based on
identification information that is specified by the user. Thus,
for a plurality of PCI devices each of which includes the
identical combination of a vender ID and device 1D (PCI
cards in the first embodiment), a special device driver may be
registered to a certain installation position. In addition,
according to the first embodiment, registration of another
device driver may be performed on a trial basis and the device
driver may be verified and evaluated in order to avoid and
suppress function reduction (level down) due to upgrade of a
device driver.

Second Embodiment

In the above-described first embodiment, PCI address
information of a PCI card is used as information that indicates
an installation position of the PCI card. In a second embodi-
ment, as information that indicates an installation position of
a PCI card, a modification using a slot number is described
with reference to FIG. 14. In the second embodiment, a con-
figuration is substantially the same as the configuration of the
above-described first embodiment, and an identical reference
numeral is given to an identical portion, and the detailed
description is omitted.
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As an example of a computer system according to the
second embodiment, in a large server, etc. in which a service
processor includes an snmp manager function, a PCI address
may be replaced with a slot number. That is, there is possi-
bility that malfunction occurs when the PCI address is used as
a user interface because the PCI address may varies depend-
ing on the number of mounted PCI cards, etc. Therefore, in
the second embodiment, the replacement of a PCI address
with a slot number may handle the PCI address that may vary
depending on the number of mounted PCI card, etc.

As illustrated in the example of FIG. 14, in the second
embodiment, instead of the user layer 12 of FIG. 1, a user
layer 13 is used that includes a conversion unit 92 that
executes interconversion between a physical installation
position and PCI address of a PCI card. For example, a speci-
fication area 90 and the input area 18 are included in the user
layer 13. Identification information 91 that is obtained by
associating a slot number as an installation position of a PCI
card that is specified by the user with the driver name of a
specified device driver is stored in the specification area 90. In
addition, the user layer 13 includes a snmp agent 93. The
snmp agent 93 transmits and receives data that indicate a
correspondence relationship between a PCI address and a slot
number to and from an snmp manager 94. The snmp manager
94 selects data, which indicates a corresponding correspon-
dence relationship, from a table 95 of data on the correspon-
dence relationship between the PCI address and the slot num-
ber, and outputs the data to the snmp agent 93. The conversion
unit 92 includes a function that converts the identification
information 91 of the specification area 90 into the identifi-
cation information 20 of the input area 18.

Thus, the user may obtain a PCI address regardless of the
number of mounted PCI cards, etc. merely by specifying a
slot number as an installation position of a PCI card and the
driver name of a device driver. In the second embodiment, for
a PCI address that may vary depending on the number of
mounted PCI cards, etc., the PCI address may be obtained
regardless of the number of mounted PCI cards by using a slot
number as the installation position of the PCI card.

The example has been described above in which the infor-
mation processing apparatus 10 is realized by the computer
system 38. However, the embodiments are not limited to the
configuration, and various improvements and modifications
are made without departing from the above-described scope
of course.

In addition, the embodiments have been described above in
which a program is stored (installed) in a storage unit before-
hand, however, the embodiments are not limited to the
example in which the program is stored in the storage unit
beforehand. The program in the embodiments may be pro-
vided in the form of being recorded to a non-transitory com-
puter readable recording medium such as a compact disc-
read-only memory (CD-ROM) and a digital versatile disc-
read only memory (DVD-ROM).

All documents, patent applications, and technical specifi-
cations that are described in this specification are herein
incorporated by reference to the same extent as if that indi-
vidual documents, patent applications, and technical specifi-
cations are incorporated by reference is described specifically
and individually.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in under-
standing the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
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riority of the invention. Although the embodiments of the
present invention have been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.
What is claimed is:
1. An information processing apparatus, comprising:
a plurality of slots in which a plurality of same type of
devices are installed;
a memory; and
a processor coupled to the memory and configured to:
associate each of the plurality of same type of devices
with a first device driver;
receive identification information indicating a request to
change a device driver associated with one or more
devices designated among the plurality of same type
of'devices by auser to a second device driver from the
first device driver, the identification information
including location information of one or more slots in
which the one or more devices being installed among
the plurality of slots;
specify the one or more devices from among the plural-
ity of same type of devices by referring to the location
information of the one or more slots; and
change the device driver associated with the one or more
devices from the first device driver to a second device
driver.
2. The information processing apparatus according to
claim 1,
wherein the identification information includes PCI (pe-
ripheral components interconnect) address information
of the one or more devices as the location information
and driver information including the second device
driver, and
the processor is configured to:
determine, for each of the plurality of devices, whether
the PCI address information of the device is included
in the identification information;
associate the device with the first device driver, when it
is determined that the PCI address information of the
device is not included in the identification informa-
tion; and
associate the device with the second device driver when
it is determined that the PCI address information of
the device is included in the identification informa-
tion.
3. The information processing apparatus according to
claim 2,
wherein the processor is configured to suppress an asso-
ciation of the device with the first device driver, when it
is determined that the PCI address information of the
device is included in the identification information.
4. The information processing apparatus according to
claim 2,
wherein the processor is configured to:
create, for each of the plurality of devices, a first driver
management book that includes the driver informa-
tion and device-specific information including a
device identification (ID) to be used to identify a type
of'the device and a vender ID to be used to identify a
supply source of the device, and a device management
book that includes the device-specific information
and location information indicating the connection
position of the device to a bus;
create a second driver management book that indicates a
correspondence relationship between the location
information and the driver information for each piece
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of information indicating the correspondence rela-
tionship between the location information and driver
information stored in the memory; and

associate the device and the device driver based on the
device management book and the second driver man-
agement book.

5. The information processing apparatus according to
claim 4, wherein the second driver management book
includes virtually created file information.

6. The information processing apparatus according to
claim 4, wherein the bus is a peripheral component intercon-
nect (PCI) bus.

7. The information processing apparatus according to
claim 1,

wherein the identification information includes slot num-

bers of the one or more devices as the location informa-
tion and driver information including the second device
driver, and

the processor is configured to:

acquire PCI (peripheral components interconnect)
address information of the one or more devices cor-
responding to the slot numbers by referring to a table
that includes data indicating a correspondence rela-
tionship between a PCI address and a slot number, and

specify the one or more devices from among the plural-
ity of same type of devices based on the acquired PCI
address information.

8. The information processing apparatus according to
claim 7, wherein the processor is, further configured to

generate a new identification information including the

acquired PCI address information of the one or more
devices and driver information including the second
device driver.

9. An information processing method by an information
processing apparatus including a plurality of slots in which a
plurality of same type of devices are installed, the information
processing method comprising:

associating each of the plurality of same type of devices

with a first device driver;

receiving identification information indicating a request to

change a device driver associated with one or more
devices designated among the plurality of same type of
devices by a user to a second device driver from the first
device driver, the identification information including
location information of one or more slots in which the
one or more devices being installed among the plurality
of slots;

specifying the one or more devices from among the plural-

ity of same type of devices by referring to the location
information of the one or more slots; and

changing the device driver associated with the one or more

devices from the first device driver to a second device
driver.

10. The information processing method according to claim
9, wherein the identification information includes PCI (pe-
ripheral components interconnect) address information of the
one or more devices as the location information and driver
information including the second device driver, and

wherein the determining includes determining, for each of

the plurality of devices, whether the PCI address infor-
mation of the device is included in the identification
information,

the associating the device with the first driver includes

associating the device with the first device driver when it
is determined that the PCI address information of the
device is not included in the identification information,
and
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the associating the device with the second driver includes
associating the device with the second device driver
when it is determined that the PCI address information
of the device is included in the identification informa-
tion.

11. The information processing method according to claim
10,

wherein the information processing method further com-

prising:

suppressing an association of the device with the first
device driver when it is determined that the PCI
address information of the device is included in the
identification information.

12. The information processing method according to claim
10, further comprising:

creating, for each of the plurality of devices, a first driver

management book that includes the driver information
and device-specific information including a device iden-
tification (ID) to be used to identify a type of the device
and a vender ID to be used to identify a supply source of
the device, and a device management book that includes
the device-specific information and location informa-
tion indicating the connection position of the device to a
bus;

creating a second driver management book that indicates a

correspondence relationship between the location infor-
mation and the driver information for each piece of
information indicating the correspondence relationship
between the location information and driver information
stored in the memory; and

associating a device and a device driver based on the device

management book and the second driver management
book.

13. The information processing method according to claim
12, wherein

the second driver management book includes virtually cre-

ated file information.

14. The information processing method according to claim
12, wherein the bus is a peripheral component interconnect
(PCI) bus.

15. A non-transitory computer-readable recording medium
storing a program that causes an information processing
apparatus to execute a process, the information processing
apparatus-including a plurality of slots in which a plurality of
same type of devices are installed, the process comprising:

associating each of the plurality of devices having the

identical type with a first device driver;

receiving identification information indicating a request to

change a device driver associated with one or more

devices designated among the plurality of same type of >

devices by a user to a second device driver from the first
device driver, the identification information including
location information of one or more slots in which the
one or more devices being installed among the plurality
of slots;
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specifying the one or more devices from among the plural-
ity of same type of devices by referring to the location
information of the one or more slots; and

changing the device driver associated with the one or more

devices from the first device driver to a second device
driver.

16. The recording medium according to claim 15, wherein
the identification information includes PCI (peripheral com-
ponents interconnect) address information of the one or more
devices as the location information and driver information
including the second device driver, and

wherein the determining includes determining, for each of

the plurality of devices, whether the PCI address infor-
mation of the device is included in the identification
information,

the associating the device with the first driver includes

associating the device with the first device driver when it
is determined that the PCI address information of the
device is not included in the identification information,
and

the associating the device with the second driver includes

associating the device with the second device driver
when it is determined that the PCI address information
of the device is included in the identification informa-
tion.

17. The recording medium according to claim 16,

wherein the process further comprising:

suppressing an association of the device with the first
device driver when it is determined that the PCI
address information of the device is included in the
identification information.

18. The recording medium according to claim 16, the pro-
cess further comprising:

creating, for each of the plurality of devices, a first driver

management book that includes the driver information
and device-specific information including a device iden-
tification (ID) to be used to identify a device name and a
vender ID to be used to identify a supply source, and a
device management book that includes the device-spe-
cific information and location information indicating the
connection position of the device to the bus;

creating a second driver management book that indicates a

correspondence relationship between the location infor-
mation and the driver information for each piece of
information indicating the correspondence relationship
between the location information and driver information
stored in the memory; and

associating a device and a device driver based on the device

management book and the second driver management
book.

19. The computer-readable recording medium according to
claim 18,

wherein the second driver management book includes vir-

tually created file information.
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